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ABSTRACT
We present the result of our spectroscopic follow-up observation for faint quasar candidates at z ∼ 5 in a part
of the Canada-France-Hawaii Telescope Legacy Survey wide field. We select nine photometric candidates and
identify three z ∼ 5 faint quasars, one z ∼ 4 faint quasar, and a late-type star. Since two faint quasar spectra
show C IV emission line without suffering from a heavy atmospheric absorption, we estimate the black hole
mass (MBH) and Eddington ratio (L/LEdd) of them. The inferred logMBH are 9.04 ± 0.14 and 8.53 ± 0.20,
respectively. In addition, the inferred log(L/LEdd) are −1.00 ± 0.15 and −0.42 ± 0.22, respectively. If we
adopt that L/LEdd = constant or ∝ (1 + z)2, the seed black hole masses (Mseed) of our z ∼ 5 faint quasars
are expected to be > 105M in most cases. We also compare the observational results with a mass accretion
model where angular momentum is lost due to supernova explosions (Kawakatu & Wada 2008). Accordingly,
MBH of the z ∼ 5 faint quasars in our sample can be explained even if Mseed is ∼ 103M. Since z ∼ 6
luminous qusars and our z ∼ 5 faint quasars are not on the same evolutionary track, z ∼ 6 luminous quasars
and our z ∼ 5 quasars are not the same populations but different populations, due to the difference of a period
of the mass supply from host galaxies. Furthermore, we confirm that one can explain MBH of z ∼ 6 luminous
quasars and our z ∼ 5 faint quasars even if their seed black holes of them are formed at z ∼ 7.
Keywords: cosmology: observations — quasars: supermassive black holes — surveys
1. INTRODUCTION
It is one of the important issues to elucidate the formation
and the evolution of quasars, because this issue is tightly cou-
pled with the physics of the formation and evolution of su-
permassive black holes (SMBHs). To clarify this issue, large
quasar surveys have been performed up to z ∼ 7 by the 2dF
QSO Redshift Survey (e.g., Croom et al. 2001), the Sloan
Digital Sky Survey (SDSS) Quasar Survey (e.g., Fan et al.
2006, Richards et al. 2006b, Jiang et al. 2008, 2009, 2015,
2016), the Canada-France High-z Quasar Survey (CFHQS;
Willott et al. 2007; Willott et al. 2009; Willott et al. 2010b),
the Panoramic Survey Telescope And Rapid Response Sys-
tem (Pan-STARRS; Ban˜ados et al. 2014, Venemans et al.
2015, Ban˜ados et al. 2016, Tang et al. 2017), the Dark Energy
Survey (DES; Reed et al. 2015, 2017, Wang et al. 2017), the
Subaru High-z Exploration of Low-luminosity Quasar Sur-
ikeda.hiroyuki@nao.ac.jp
11JSPS Overseas Research Fellow
vey (SHELLQs; Matsuoka et al. 2016, 2017), and some other
quasar surveys (e.g., Glikman et al. 2008, Kakazu et al. 2010,
Wu et al. 2010, Mortlock et al. 2011, Ikeda et al. 2011, 2012,
Masters et al. 2012, Matute et al. 2013, Venemans et al. 2013,
Carnall et al. 2015, Ai et al. 2016, Wang et al. 2016, Jeon
et al. 2016, Yang et al. 2017, Jeon et al. 2017). Then the
quasar luminosity functions (QLF) are derived up to z ∼ 6
(e.g., Croom et al. 2009, Kashikawa et al. 2015, Yang et al.
2016, Akiyama et al. 2017).
Several studies have reported that the slope of the QLFs
is different between the lower and higher-luminosity ranges,
and the QLFs are generally fitted by the double power-law
function (e.g., Boyle et al. 1988). Croom et al. (2009) inves-
tigated the redshift evolution of the quasar space density and
they confirmed that the quasar space density of faint quasars
peaks at a lower redshift than that of more luminous quasars
(see also Ikeda et al. 2011, 2012, Niida et al. 2016). This is
known as the active galactic nuclei (AGN) downsizing evolu-
tion. The AGN downsizing has been also reported by X-ray
AGN surveys (Ueda et al. 2003, 2014, Hasinger et al. 2005,
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2Miyaji et al. 2015, Aird et al. 2015, Fotopoulou et al. 2016,
Ranalli et al. 2016). However, the physical origin of the AGN
downsizing has not been clarified, that makes high-z faint
quasar surveys are more important (see Fanidakis et al. 2012,
Enoki et al. 2014, for theoretical works on the AGN down-
sizing evolution).
Measuring the masses and Eddington ratios of SMBHs is
also useful to investigate the formation and the evolution of
quasars. The masses and Eddington ratios of SMBHs can
be measured from the single-epoch virial estimators (e.g.,
Trakhtenbrot et al. 2011, Shen & Liu 2012, De Rosa et al.
2014, Shen et al. 2011, Nobuta et al. 2012, Matsuoka et al.
2013, Yi et al. 2014, Jun et al. 2015, Karouzos et al. 2015,
Trakhtenbrot et al. 2016, Saito et al. 2016). A number of
studies for the growth history of the SMBHs have been re-
ported so far (e.g., Netzer et al. 2007, Kelly et al. 2010,
Trakhtenbrot et al. 2011, Saito et al. 2016). Netzer et al.
(2007) investigated the black hole growth for quasars at z ∼
2.3−3.4. They found that the required growth time for many
quasars is longer than the age of the universe for the quasar
redshift, suggesting that their z ∼ 2.3 − 3.4 quasars must
have had at least one previous episode of faster growth at
higher redshift. Trakhtenbrot et al. (2011) estimated the evo-
lutionary tracks of the SMBHs in 40 luminous SDSS quasars
at z ∼ 4.8, and they mentioned that ∼ 40% of z ∼ 4.8 lu-
minous quasars could have been growing up from the stellar
black hole mass. However, most of these studies focus on lu-
minous quasars, due to the lack of the faint quasars at z > 4.
Consequently it is not understood how faint quasars evolved
at high redshift. As the number density of faint quasars is
much higher than that of luminous quasars, the whole pic-
ture of SMBH evolution cannot be understood without un-
derstanding the growth history of faint quasars at such high
redshifts.
Some z ∼ 5 faint quasar surveys have been carried out
so far (e.g., Ikeda et al. 2012, McGreer et al. 2013, Matute
et al. 2013). McGreer et al. (2013) discovered 71 z ∼ 5
quasars at i′ < 22.0 and derived the faint side of the QLF at
z ∼ 5. While they construct a large sample of faint quasars at
z ∼ 5, the achieved signal-to-noise ratio of the spectra is not
sufficient to derive the black hole mass. As for fainter quasar
survey at z ∼ 5, Ikeda et al. (2012) reported their faint quasar
survey for z ∼ 5 quasars with 22 < i′ < 24 in the COSMOS
field (1.64 deg2) and gave only the upper limits on the quasar
number density (Ikeda et al. 2012). This is not due to the lim-
iting flux of spectroscopic observations but simply due to too
narrow area of the survey field. Actually the inferred upper
limit on the quasar number density is close to the extrapo-
lated number density from lower redshifts, suggesting that
quasar surveys for somewhat wider area will find some faint
quasars at z ∼ 5. Therefore we focus on the public database
of CFHT legacy survey (CFHTLS; Gwyn 2012). Among the
CFHTLS-Wide fields (∼ 145 deg2), we specifically focus on
a ∼ 6 deg2 area that is covered also by the United King-
dom Infrared Telescope (UKIRT) Infrared Deep Sky Survey
(UKIDSS; Lawrence et al. 2007)-Deep Extragalactic Survey
(DXS) to select faint quasars effectively.
This paper is organized as follows. In Section 2, we de-
scribe our photometric survey for faint quasars at z ∼ 5. In
Section 3, we report the results of follow-up spectroscopic
observations, and also the derived black hole mass and Ed-
dington ratio. In Sections 4 and 5, we give our discussion and
summary. In this paper, we adopt a ΛCDM cosmology with
Ωm = 0.3, ΩΛ = 0.7, and a Hubble constant of H0 = 70 km
s−1 Mpc−1 (e.g., Spergel et al. 2003). All magnitudes and
colors are given in the AB system (Oke & Gunn 1983). All
magnitudes have been corrected for the Galactic extinction
(Schlafly & Finkbeiner 2011).
2. THE SAMPLE
2.1. The Canada-France-Hawaii Telescope Legacy Survey
The CFHTLS consists of the deep, wide, and
very wide surveys which have been performed by
MegaPrime/MegaCam (Boulade et al. 2003). We use
the photometric data of the wide survey among them. The
photometric data were obtained through the u∗-, g′-, r′-,
i′-, and z′-band filters. The whole survey field is ∼ 145
deg2. The limiting magnitudes for point sources at 50
% completeness are u∗ = 26.0, g′ = 26.5, r′ = 25.9,
i′ = 25.7, and z′ = 24.6 respectively (Gwyn 2012). The
CFHTLS unified wide catalogs (Gwyn 2012) have been
produced by MegaPipe (Gwyn 2008). There are the u∗-, g′-,
r′-, i′-, and z′-band selected catalogs. Since z ∼ 5 quasars
can be selected by the r′-dropout method, the u∗-, g′-, and
r′-band selected catalogs are inadequate to select z ∼ 5
quasars. Moreover, the limiting magnitude and seeing of
the i′-band are fainter and better than those of the z′-band.
Therefore we use the i′-band selected catalogs to select
z ∼ 5 faint quasar candidates. Since the number density
of quasars at high redshift is quite low, it is very useful
to search for quasars by utilizing such a wide photometric
catalog.
2.2. The United Kingdom Infrared Telescope Infrared Deep
Sky Survey
The UKIDSS consists of the Large Area Survey, the Galac-
tic Clusters Survey, the Galactic Plane Survey, the Deep Ex-
tragalactic Survey, and the Ultra Deep Survey. These sur-
veys have been conducted with the Wide Field Camera (WF-
CAM; Casali et al. 2007) on the 3.8-m UKIRT. UKIDSS uses
a photometric system described in Hewett et al. (2006). The
pipeline processing and science archive are described in Ir-
win et al (in prep) and Hambly et al. (2008). We utilizise the
UKIDSS DR 10 in this work. The area and 5-sigma depths
of the Deep Extragalactic Survey, that is focused on in this
work, are 35 deg2, J ∼ 23.4 (Jvega ∼ 22.5), and K ∼ 22.9
(Kvega ∼ 21.0), respectively.
2.3. Selection Criteria for Faint Quasar Candidates at
z ∼ 5
In order to determine the selection criteria of quasars
at z ∼ 5 with high completeness and low contamination
rate, we check colors of spectroscopically confirmed SDSS
quasars at 4.8 < z < 5.3 on the CFHTLS photometric sys-
tems by utilizing the SDSS quasar catalog data release 12
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Figure 1. Two-color diagrams of r′− i′ vs. g′− r′, i′− z′ vs. r′− i′, z′− J vs. i′− z′, and J −K vs. z′− J . Orange squares, green crosses,
cyan stars, and purple diamonds show the colors of M-, K-, G-, and F-type stars which are calculated by utilizing the star spectra library (Pickles
1998), respectively. Red circles and lines show the colors of SDSS quasars and color track of model quasars at 4.5 < z < 5.5, respectively.
Blue and red triangles show the colors of model quasars at z = 4.5 and 5.5, respectively. Gray shaded regions in the two-color diagrams show
the z ∼ 5 faint quasar candidates regions in this paper.
(Paˆris et al. 2017). Since the response curve of the Mega-
Cam filters is slightly different from that of the SDSS filters
(see Figure 1 of Gwyn 2008), we calculate the g′-, r′-, i′-,
and z′-band magnitude of the SDSS quasars by the follow-
ing relations (Gwyn 2008):
g′ = gSDSS − 0.153(gSDSS − rSDSS), (1)
r′ = rSDSS − 0.024(gSDSS − rSDSS), (2)
i′ = iSDSS − 0.085(rSDSS − iSDSS), (3)
and,
z′ = zSDSS + 0.074(iSDSS − zSDSS). (4)
Using the equations (1) – (4), we calculate the g′−r′, r′− i′,
and i′ − z′ of the SDSS quasars. Since the SDSS quasar
catalog data release 12 includes the information of the J-
band and K-band magnitudes from UKIDSS, we calculate
the z′−J and J −K of the SDSS quasars by utilizing them.
The colors of stars are also calculated by utilizing the star
spectra library (Pickles 1998) to prevent the contamination
by stars in selecting z ∼ 5 quasar candidates. In addition,
the model quasar is generated by the same method of Ikeda
et al. (2012) and the colors of this model quasar are calcu-
lated. We then check some two-color diagrams (Figure 1).
As seen in Figure 1, it is useful to select quasars at z ∼ 5 by
utilizing these two-color diagrams. Therefore we determine
the selection criteria for the faint quasar candidates at z ∼ 5
based on the calculated colors of SDSS quasars and stars on
these two-color diagrams. The detailed description of the se-
lection criteria for the faint quasar candidates at z ∼ 5 is
provided later in this section.
To select faint quasars at z ∼ 5 in the CFHTLS wide field,
we adopt the following selection criteria:
21.0 < i′(MAG AUTO) < 23.0, (5)
i′ − z′ < 0.40(r′ − i′)− 0.35, (6)
Rhl < Rpeak + 3σ, (7)
u∗ ≥ 2σ, (8)
g′ − r′ ≥ 1.8, (9)
1.3 < r′ − i′ < 2.8, (10)
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Figure 2. Two-color diagrams of r′ − i′ vs. g′ − r′, i′ − z′ vs. r′ − i′, z′ − J vs. i′ − z′, and J −K vs. z′ − J . Red lines are the same as in
Figure 1. Black points show the colors of point sources which satisfy equations (5) and (7). Red squares, blue triangles, and green stars show
the colors of spectroscopically confirmed z ∼ 5 faint quasars, z ∼ 4 faint quasars, and a star in our spectroscopic sample, respectively. Yellow
filled circles show the colors of z ∼ 5 faint quasar candidates which we have not yet performed the spectroscopic follow-up observations. Gray
shaded regions in the two-color diagrams show the z ∼ 5 faint quasar candidates regions. To make contours, the astroML python package is
used (Vanderplas et al. 2012, Ivezic´ et al. 2014).
and,
i′ − z′ < 0.55, (11)
where Rhl and Rpeak are the half-light radius of objects
and the peak of Rhl distributions for all objects at 21.0 <
i′(MAG AUTO) < 23.0 in the CFHTLS wide field, respec-
tively. Although Rhl which satisfies the criterion (7) is not
the same in each field, the typicalRhl and 3σ are∼ 0.′′47 and
∼ 0.′′1, respectively. The criteria (5) and (6) are utilized to
select faint quasars without large numbers of contaminants
such as stars. Here extended objects are excluded to re-
move contaminations such as Lyman-break galaxies (LBGs)
at similar redshift and elliptical galaxies at a lower red-
shift, by utilizing the criterion (7) as the manner described in
Coupon et al. (2009). In order to eliminate the low-redshift
objects, we add the selection criteria (8), (9), (10), and (11).
Utilizing above selection criteria, we select nine faint quasar
candidates at z ∼ 5. The photometric properties of all candi-
dates are summarized in Table 1.
It is reported by McGreer et al. (2013) that the additional
color criteria utilizing near-infrared photometric data are also
useful to remove contaminating Galactic stars from the opti-
cal color-selected candidates of quasars at z ∼ 5. We inves-
tigate the near-infrared colors of SDSS quasars to define the
color criteria to remove the stars. As a result, we confirm that
quasars and stars are distinguished effectively by the follow-
ing equations (see also lower panels of Figure 1):
z′ − J < −1.20(i′ − z′) + 1.10, (12)
and,
J −K > 0.79(z′ − J)− 0.20. (13)
In order to calculate the near-infrared colors (z′ − J and
J−K) of quasar candidates at z ∼ 5 in our survey, we use the
UKIDSS-DXS catalog. We confirm that all of the z ∼ 5 faint
quasar candidates selected by the equations (5)–(11) are de-
tected in the J and K band. Then we select five faint quasar
candidates at z ∼ 5 by utilizing equations (5)–(13). Figure 2
shows some two-color diagrams (r′− i′ vs. g′−r′, i′−z′ vs.
r′−i′, z′−J vs. i′−z′, and J−K vs. z′−J), where objects
which satisfy the criterion (7) down to i′ = 23.0 are plotted.
We define our survey limit to i′ = 23.0 because the number
5Table 1. Photometry and spectroscopic follow-up results of faint quasar candidates at z ∼ 5
ID i′(MAG AUTO) g′ − r′ r′ − i′ i′ − z′ z′ − J ′ J ′ −K′ Exp. Time zasp Type
(min)
J221141.01+001118.92 22.01± 0.02 > 3.46 2.24± 0.11 0.07± 0.07 0.24± 0.09 0.67± 0.07 60 5.23 non-BAL QSOb
J221520.22-000908.39 22.25± 0.02 > 2.96 1.98± 0.13 0.32± 0.07 0.29± 0.09 0.54± 0.06 60 5.28 BAL QSOc
J221941.90+001256.20 21.56± 0.01 2.81± 0.29 1.36± 0.04 −0.11± 0.04 0.80± 0.05 1.03± 0.04 60 4.29 FeLoBAL QSOd
J222216.02-000405.66 21.95± 0.01 > 3.85 1.93± 0.10 0.01± 0.05 −0.25± 0.10 0.46± 0.12 45 4.94 non-BAL QSOb
J221653.11+000932.62 22.60± 0.02 > 2.14 2.07± 0.10 0.02± 0.05 1.28± 0.17 −0.08± 0.07 45 – Star
J221254.03+003613.14 22.80± 0.03 2.14± 0.34 1.44± 0.11 0.22± 0.16 0.76± 0.16 −0.21± 0.12 – – –
J221309.67-002428.09 22.61± 0.03 > 2.48 2.73± 0.33 −0.12± 0.13 0.18± 0.17 0.64± 0.14 – – –
J221451.49-000220.52 22.98± 0.04 1.89± 0.74 2.26± 0.26 0.45± 0.14 1.20± 0.13 0.23± 0.06 – – –
J222205.13+001721.51 22.71± 0.03 > 2.25 2.36± 0.28 0.52± 0.07 0.93± 0.07 −0.08± 0.07 – – –
a Spectroscopic redshift.
b McGreer et al. (2013) also identified them without C IV emission lines, due to the wavelength coverage.
c The new faint quasar discovered by our survey.
d McGreer et al. (2013) also identified it.
density of LBGs is much higher than that of quasars at this
magnitude (Iwata et al. 2003, Yoshida et al. 2008). To check
how the additional near-infrared criteria are useful to select
z ∼ 5 faint quasars, we choose the spectroscopic follow-up
candidates in faint quasar candidates selected by equations
(5)–(11).
3. SPECTROSCOPIC FOLLOW-UP OBSERVATIONS
AND DATA REDUCTION
We performed the spectroscopic follow-up observations
of z ∼ 5 optically faint quasar candidates at the Gemini-
North Telescope with the Gemini Multi-Object Spectrograph
(GMOS; Hook et al. 2004) on 9–10 September 2013 (HST).
We used the R400 grating with the RG610 filter, whose wave-
length coverage is 6000A˚≤ λobs ≤ 10000A˚. We used a 1.′′0-
slit width, resulting in a wavelength resolution of R ∼ 1000
(∆v ∼ 300 km s−1). This is enough for our purposes, be-
cause the typical velocity width of quasar emission lines is
wider than 2000 km s−1. The typical seeing size was ∼ 0.′′8.
Due to the limited observing time, we observed five brighter
objects among nine candidates. The individual exposure time
was 900 sec, and the total exposure time was 2700 – 3600 sec
for each object (Table 1).
Standard data reduction procedures were performed by uti-
lizing Gemini IRAF. After the sky subtraction, we extracted
one-dimensional spectra with an aperture size of 1.′′2. The
relative sensitivity calibration was performed using the spec-
tral data of a spectrophotometric standard star, EG131. The
spectra of five objects were then flux-calibrated utilizing the
sensitivity function which is obtained by EG131. As the
C IV emission line in our sample is partly absorbed by the
atmospheric absorption (see Figure 3), the quasar spectra at
z ∼ 5 are corrected for the atmospheric absorption by utiliz-
ing the observed spectrum of a standard star (EG131) before
performing the spectral-line fitting. Where we created the
atmospheric absorption features by subtracting an artificial
spectrum (which is created by IRAF task, mkspec and we as-
sume the temperature of the black body is 11,800 K) from
the obtained spectrum of EG131.
4. RESULTS
We spectroscopically confirmed that three z ∼ 5 faint
quasars and one z ∼ 4 quasar. The remaining one object
was identified as a late-type star. The results of our spectro-
scopic observations are summarized in Table 1. Photometric
and spectroscopic properties of these four faint quasars are
outlined in Section 4.1.
4.1. Notes on Individual Objects
We summarized properties of individual objects in this sec-
tion. We note that the spectroscopic redshift of three z ∼ 5
quasars is estimated from the peak of C IV λ1549 while the
spectroscopic redshift of a z ∼ 4 quasar is estimated from
the peak of Lyα.
J221141.01+001118.92. The redshift and M1450 of this
object are z ∼ 5.23 and −24.29, respectively. This object
shows Lyα λ1216, N V λ1240, O I λ1304, Si IV λ1400,
and C IV λ1549. As described in Sections 4.3 and 4.4,
the inferred logMBH and log(L/LEdd) are 8.53 ± 0.20 and
−0.42±0.22, respectively. McGreer et al. (2013) also identi-
fied this object without C IV emission lines, due to the wave-
length coverage. The estimated redshift is consistent to that
of McGreer et al. (2013).
J221520.22-000908.39. The redshift and M1450 of this
object are 5.28 and −24.25, respectively. This object is the
newly discovered faint quasars and the faintest quasars in our
sample. Lyα λ1216, N V λ1240, and C IV λ1549 emission
lines are detected. This object shows absorption lines of Lyα
and C IV λ1549. We do not estimate the black hole mass
and Eddington ratio because of the absorption line of C IV
λ1549.
J221941.90+001256.20. The redshift of this object is 4.29.
McGreer et al. (2013) also identified this object. The esti-
mated redshift is slightly lower than that of McGreer et al.
(2013). A large number of absorption lines are present in
the spectrum of this object, suggesting that this object could
be one of the FeLoBAL quasar. Furthermore, this object is
detected in the radio wavelength (Becker et al. 1995, Hodge
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Figure 3. Reduced spectra of z ∼ 4 − 5 faint quasars, the late-type star, the typical sky spectrum, and the atmospheric absorption which is
generated by utilizing the spectrum of a standard star (EG131). The dotted lines show the expected wavelengths of quasar emission lines: Lyα
λ1216, N V λ1240, O I λ1304, Si IV λ1400, and C IV λ1549.
Table 2. Properties of faint quasars at z ∼ 5
ID M1450 logFWHMabroad logFWHMbnarrow logFWHMctot logFWHMdused logMBH logLbol log(L/LEdd)
(km s−1) (km s−1) (km s−1) (km s−1) (M) (erg s−1)
J221141.01+001118.92 −24.29± 0.33 3.90± 0.12 3.34± 0.02 3.50± 0.02 3.50± 0.02 8.53± 0.20 46.21± 0.08 −0.42± 0.22
J221520.22-000908.39 −24.25± 0.28 – – – – – – –
J222216.02-000405.66 −24.27± 0.26 3.78± 0.01 2.98± 0.02 3.34± 0.02 3.78± 0.01 9.04± 0.14 46.14± 0.05 −1.00± 0.15
a FWHM of the C IV emission line for the broad component.
b FWHM of the C IV emission line for the narrow component.
c FWHM of the C IV emission line which is calculated from the derived double-Gaussian profile..
d FWHM of the C IV emission line which we used to calculate the black hole mass.
et al. 2011). The peak flux density at 1.4 GHz from the Faint
Images of the Radio Sky at Twenty-Centimeters (FIRST)
and Very Large Array imaging of Stripe 82 is 0.87 ± 0.10
mJy beam−1 and 0.92 ± 0.07 mJy beam−1, respectively.
This object also has a mid-infrared (3.4µm and 4.6µm with
S/N > 5) counterpart in the Wide-field Infrared Survey Ex-
plorer (WISE; Wright et al. 2010), with the magnitude are
19.22 at 3.4µm and 19.45 at 4.6µm, respectively (Cutri & et
al. 2014).
J222216.02-000405.66. The redshift and M1450 of this
object are 4.94 and −24.27, respectively. Lyα λ1216, N V
λ1240, and C IV λ1549 emission lines are clearly detected.
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Figure 4. Spectral line fitting for the C IV λ1549 line. Red, blue, light blue, magenta, and green lines show the fitting results of the best fit
model, the broad and narrow components of the C IV emission line, the components of the broad line, the components of the narrow line, and
the continuum, respectively.
As described in Sections 4.3 and 4.4, the inferred logMBH
and log(L/LEdd) are 9.04± 0.14 and −1.00± 0.15, respec-
tively. McGreer et al. (2013) also identified this object with-
out C IV emission lines, due to the wavelength coverage. The
estimated redshift is slightly lower than that of McGreer et al.
(2013).
4.2. Spectral-line Fitting
In order to estimate the black hole mass, the continuum
flux at 1350A˚ and the full width at half maximum (FWHM)
of the C IV emission lines are needed. Since two faint quasar
spectra (J221141.01+001118.92 and J222216.02-000405.66)
show C IV emission line without suffering from a heavy ab-
sorption line, we fit the C IV emission lines of the two faint
quasars. Our fitting of the continuum flux at 1350A˚ and the
C IV emission line is performed in a similar method to the
one that was adopted by Matsuoka et al. (2013). The fit-
ted wavelength range is λrest ∼ 1500 − 1600A˚. Since the
C IV emission line in our sample seems to be asymmetry,
we adopt double-Gaussian for fitting the observed C IV pro-
file (see Figure 4). As for J221141.01+001118.92 (hereafter
J2211+0011), FWHM of the C IV emission line is calcu-
lated from the derived double-Gaussian profile. On the other
hand, as for J222216.02-000405.66 (hereafter J2222-0004),
FWHM of the C IV emission line is calculated by the broad
component of the C IV emission line because the narrow
component of the C IV emission line is too narrow (. 1000
km s−1) to explain that this comes from the broad line region.
4.3. Calculation of the Absolute Magnitude
The absolute AB magnitude at 1450A˚ of quasars is often
calculated by the following equation (e.g., Richards et al.
2006b; Croom et al. 2009; Glikman et al. 2010; Ikeda et al.
2012):
M1450 = mi′ + 5− 5logdL(z) + 2.5(1− αν)log(1 + z)
+2.5αν log
(
λi′
1450A˚
)
,(14)
where dL(z), αν , and λi′ are the luminosity distance, spec-
tral index of the quasar continuum (fν ∝ ν−αν , where the
typical αν = 0.5; Richards et al. 2006b), and the effective
wavelength of the i′-band, respectively. In order to calcu-
late M1450 as accurate as possible, we calculate M1450 from
the median flux of the obtained spectra between rest-frame
λ = 1425A˚ and 1475A˚. The calculated M1450 is listed in
Table 2.
4.4. Estimates of the Black Hole Masses and Eddington
Ratios
Since two faint quasars show C IV λ1549 with no absorp-
tion lines, we estimate the black hole mass of them by the
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following equation (e.g., Shen et al. 2011):
log
(
MBH,vir
M
)
= a+b log
(
λLλ(1350A˚)
1044 erg s−1
)
+c log
(
FWHM
km s−1
)
,
(15)
where λLλ, a, b, and c is the luminosity, 0.66, 0.53, and 2,
respectively. The luminosity at 1350 A˚, λLλ(1350A˚), can be
calculated as follows:
λLλ(1350A˚) = λ Fλ(1350A˚) 4pidL(z )
2, (16)
where Fλ(1350A˚) is calculated from the individual quasar
spectrum. The Eddington ratio, L/LEdd is calculated as fol-
lows (e.g., Shen 2013):
L/LEdd = Lbol/
(
1.26× 1038MBH/M
)
, (17)
where LEdd and Lbol are the Eddington luminosity and the
bolometric luminosity, respectively. Lbol can be calculated
as follows:
Lbol = fBC λLλ(1350A˚), (18)
where fBC is the bolometric correction factor. In this study,
we use fBC = 3.81 (Richards et al. 2006a). Using equations
(15)–(18), we estimate the black hole mass and Eddington
ratio. The estimated black hole mass and Eddington ratio are
listed in Table 2.
5. DISCUSSION
5.1. Comparison with the previous results
As reported in Section 3, we have selected nine faint quasar
candidates at z ∼ 5. Then we have performed the spectro-
scopic observation of five objects among the quasar candi-
dates at z ∼ 5 and found that four objects are faint quasars.
As we mentioned in Section 2.3, several studies reported that
quasar candidates are selected by utilizing not only optical
data but also the near-infrared data (e.g., Wu et al. 2011, Mc-
Greer et al. 2013). To examine whether it is really useful for
selecting quasars by adding the near-infrared data, we check
the near-infrared colors of the spectroscopically confirmed
objects. As shown in Figure 2, all of the spectroscopically
confirmed faint quasars are selected and one spectroscopi-
cally confirmed star is removed by adding the near-infrared
selection criteria for quasars at z ∼ 5. Thus, we conclude
that it is useful to distinguish contaminants and faint quasars
by adding the near-IR data.
Since our survey field is overlapped with the SDSS stripe
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Figure 6. Comparison with C IV based MBH for the SDSS quasars. Upper left and right panel, and bottom panel show Lbol vs. MBH at
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82 field and the luminosity range of z ∼ 5 faint quasars
which we identified is almost the same, we just check the
expected number of faint quasars. If we assuming that the
completeness is unity, the expected number of faint quasars
is calculated by the following equation:
N ∼
∫ mi=23
mi=21
Φ(mi, z ∼ 5) dmiVc(z), (19)
where Φ(mi, z ∼ 5) and Vc(z) are the z ∼ 5 quasar lumi-
nosity function which is derived by McGreer et al. (2013)
and the comoving volume in our survey at 4.7 < z < 5.3
(Vc(z) ∼ 3.5 × 107Mpc3), respectively. The expected num-
ber of z ∼ 5 faint quasars in our survey, N is ∼ 3.6. On the
other hand, we select nine candidates by utilizing the optical
data and we then select five quasar candidates among them by
adding the near-infrared data. Four quasar candidates among
five objects have been carried out the spectroscopic follow-up
observations and three objects and one object are identified
as z ∼ 5 faint quasars and z ∼ 4 faint quasar, respectively.
Therefore the success rate is 0.75. Since there is one object
which we have not yet performed the spectroscopic obser-
vation, the corrected number of z ∼ 5 faint quasars in this
survey is 3.75. This result is roughly consistent with the ex-
pected number of z ∼ 5 faint quasars in our survey. This
suggests that the completeness is not so low even if we add
the near-infrared data to select z ∼ 5 faint quasars effectively.
We plot our faint z ∼ 5 quasars in the redshift-M1450
space, the redshift-Lbol space, the redshift-MBH space, and
the redshift-(L/LEdd) space, respectively (Figure 5). As
shown in Figure 5, our quasar sample is relatively faint
among known quasar samples (e.g., Shen et al. 2011) and
the black hole masses and Eddington ratios of our sample
are relatively lower than those of the known quasar sample.
However, the masses of SMBHs are estimated by the vari-
ous emission lines and equations (e.g., Shemmer et al. 2004,
Jiang et al. 2007, Kurk et al. 2007, Netzer et al. 2007, Willott
et al. 2010a, Assef et al. 2011, De Rosa et al. 2011, Shen et al.
2011, Trakhtenbrot et al. 2011, Nobuta et al. 2012, Shen &
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Figure 7. Evolutionary tracks of the SMBHs in our sample. Upper left and right panels show MBH vs. tUniverse. Second left and right panels
show log(L/LEdd) vs. tUniverse. Third left and right panel show LBol vs. tUniverse. Solid and dashed lines show the evolutionary tracks for
η = 0.1 and η = 0.3, respectively. All left and right panels are assumed that L/LEdd = constant and L/LEdd ∝ (1 + z)2, respectively.
Liu 2012, Matsuoka et al. 2013, Park et al. 2013, De Rosa
et al. 2014, Yi et al. 2014, Jun et al. 2015, Karouzos et al.
2015, Wu et al. 2015, Morokuma et al. 2016, Saito et al.
2016, Trakhtenbrot et al. 2016) and some of them are plotted
in Figure 5. They depend on which emission lines and equa-
tions are used to estimate the black hole mass. Therefore it is
difficult to compare the black hole mass of our sample with
that of previous studies if the black hole mass is calculated by
the different emission line and the different equation. Thus,
we have to compare the black hole mass of our sample with
that of previous studies which was calculated by the same
emission line and the same equation.
Since the black hole mass and Eddington ratio of our sam-
ple are calculated in the same manner as described by Shen
et al. (2011), we compare our sample with C IV based
MBH for the SDSS quasars (Figure 6). The median of
log(MBH/M) and log(L/LEdd) for the SDSS quasars at
4.5 < z < 5.3 are 9.03 and -0.53, respectively. There-
fore MBH of J2211+0011 is lower than that of luminous
SDSS quasars at similar redshift. On the other hand, MBH
of J2222-0004 is similar to that of luminous SDSS quasars
at similar redshift. As for the Eddington ratio, the Eddington
ratio of J2211+0011 is higher than that of luminous SDSS
quasars at similar redshift. On the other hand, the Edding-
ton ratio of J2222-0004 is lower than that of luminous SDSS
quasars at similar redshift.
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5.2. Constraints on the growth history of SMBHs
5.2.1. Estimates the growth time and evolutionary track of SMBHs
Since we calculate MBH and L/LEdd in Section 4.4, we
can investigate the growth time of the SMBHs which is one
of the important parameter to constrain the growth history of
SMBHs in our quasar sample. To investigate the growth time
of the SMBHs in our sample, we calculate the growth time,
tgrowth as follows:
tgrowth = τ ln
(
MBH
Mseed
)
(1/factive) yr, (20)
where Mseed is the seed black hole mass. τ is given as fol-
lows:
τ = 4.5× 108 η/(1− η)
L/LEdd
yr, (21)
where η is the radiative efficiency, and η = 0.054 and
0.42 correspond to the non-rotating Schwarzschild BH
(Schwarzschild 1916) and the maximally rotating Kerr BH
(Kerr 1963), respectively. Moreover factive is the duty cycle
(the fraction of the active time, Netzer et al. 2007). There are
various scenarios for the formation of seed black holes (see
Volonteri 2010). One of such scenarios assumes that the seed
BHs are the remnants of Population III stars (e.g., Madau &
12
Table 3. Summary of the expected Mseed for our z ∼ 5 faint quasars
L/LEdd η z
a
seed Mseed of J2211+0011 Mseed of J2222-0004
const. 0.1 20 ∼ 105M ∼ 108M
const. 0.3 20 ∼ 107−8M ∼ 108M
∝ (1 + z)2 0.1 20 ∼ 101−2M ∼ 106M
∝ (1 + z)2 0.3 20 ∼ 107M ∼ 108M
model Ab 0.1 20 ∼ 103M ∼ 103M
model Bc 0.1 7 ∼ 103M ∼ 103M
a The redshift which the seed black holes formed.
b The super-Eddington growth model of Kawakatu & Wada (2008) with zseed ∼ 20.
c The super-Eddington growth model of Kawakatu & Wada (2008) with zseed ∼ 7.
Rees 2001). In this case, Mseed ∼ 10 − 100M. Another
important scenario is that the seed BHs have been formed by
direct collapse model (e.g., Loeb & Rasio 1994). In this case,
Mseed ∼ 105M. As stated above, there are various range
of Mseed and it is also important to constrain Mseed of z ∼ 5
faint quasars.
From this kind of circumstances, we first assume η = 0.1,
factive = 1, and Mseed = 10M at z ∼ 20 as a very sim-
ple assumption. In this case, tgrowth is ∼ 1Gyr even if
we assume that L/LEdd is 1 almost up to z ∼ 6 and then
dropped to the observed values of 0.1 (J2222-0004) or 0.4
(J2211+0011) at z ∼ 5. Since L/LEdd of our sample is
∼ 0.1 − 0.4, M1450 of our sample could be ∼ −26 to −27
at z ∼ 6 from Equation (17). Therefore if z ∼ 6 quasars
at M1450 ∼ −26 to −27 and our z ∼ 5 faint quasars are
the same populations (i.e., the progenitors of our z ∼ 5
faint quasars are z ∼ 6 luminous quasars), the z ∼ 6 num-
ber count at this magnitude range is expected to be ∼ 10−7
Mpc−3 mag−1 because the number count of our quasar sam-
ple at z ∼ 5 is∼ 10−7 Mpc−3 mag−1 (McGreer et al. 2013).
On the other hand, it is reported that the z ∼ 6 number count
at M1450 ∼ −26 to −27 is ∼ 10−9 Mpc−3 mag−1 from the
quasar survey (Willott et al. 2010b). In order to explain with-
out contradiction with QLF studies, it is required that z ∼ 6
quasars at M1450 ∼ −26 to −27 and our z ∼ 5 faint quasars
are not the same populations but different populations (i.e.,
the progenitors of our z ∼ 5 faint quasars are not z ∼ 6
luminous quasars). Moreover, it is difficult to explain our
growth with Mseed = 10M at zseed even under this most
rapid Eddington-limited growth scenario to explain without
contradiction with QLF studies. It is therefore suggested that
Mseed of our z ∼ 5 faint quasars is greater than 10M.
In order to compare with previous results (Netzer et al.
2007, Trakhtenbrot et al. 2011), we assumeMseed = 104M
with the same η and factive. In addition, we use L/LEdd
(log(L/LEdd) = −1.00 and −0.42 for J2222-0004 and
J2221+0011, respectively.), which is calculated by Equa-
tion (17). The calculated tgrowth are 5.80 and 1.37 Gyr for
J2222-0004 and J2221+0011, respectively. We then calcu-
late tgrowth/(tzQSO − tzseed), where tzQSO and tzseed are
the time of the source (i.e., at the redshift of the source)
and the formation time of the seed black hole, respectively.
The calculated tgrowth/(tzQSO − tzseed) of J2222-0004 and
J2211+0011 are 5.84 and 1.50, respectively. Therefore it is
expected that J2222-0004 and J2211+0011 has experienced
in growing phase with higher L/LEdd in the past because
tgrowth/(tzQSO − tzseed) > 1.
We also estimate the evolutionary tracks of the SMBHs in
our sample up to z ∼ 20 (Figure 7) because the value of
Mseed is important parameter to investigate the growth his-
tory of SMBHs. Since η is poorly constrained (the range of
η is ∼ 0.05 − 0.3), we assume that η is 0.1 firstly and then
we estimate Mseed of z ∼ 5 faint quasars at z ∼ 20. We
also assume that L/LEdd = constant up to z ∼ 20 as a sim-
ple assumption at first. As shown in the left side of Figure 7,
it is expected that Mseed of J2222-0004 and J2211+0011 are
∼ 108M and∼ 105M, respectively. Next, we assume that
η = 0.3 as a most difficult case to grow the SMBHs. Then
we estimate Mseed at z ∼ 20. As a result, it is expected that
Mseed of J2222-0004 and J2211+0011 are > 108M and
∼ 107−8M, respectively. This result suggests that Mseed
of z ∼ 5 faint quasars in our sample are needed to be mas-
sive black holes (> 107M). These results are summarized
in Table 3. As shown in (e) of Figure 7, the luminosity of
our z ∼ 5 faint quasars is expected to be higher with increas-
ing tuniv. Therefore it is expected that evolutionary track of
z ∼ 6 luminous quasars and z ∼ 5 faint quasars are not the
same. Thus, they are not the same populations but different
populations in this case.
While we assumed that L/LEdd = constant, it may also
well vary with time. In fact, it is reported that L/LEdd ∝
(1 + z)2 is consistent with a fit to the observational data
at 2 . z . 6.5 (Trakhtenbrot et al. 2016). Therefore we
consider a scenario where L/LEdd increases with (1 + z)2
until L/LEdd = 1 as a more realistic assumption. In the
case of η = 0.1, it is expected that Mseed of J2222-0004
and J2211+0011 are ∼ 106M and ∼ 101−2M, respec-
tively. In the case of η = 0.3, it is expected that Mseed of
J2222-0004 and J2211+0011 are ∼ 108M and ∼ 107M,
respectively. These results are also summarized in Table 3.
As shown in (f) of Figure 7, the luminosity of our z ∼ 5
faint quasars is expected to be higher with increasing tuniv or
similar luminosity. Therefore the evolutionary track of z ∼ 6
luminous quasars and z ∼ 5 faint quasars are not the same,
suggesting that they are not the same populations but differ-
ent populations in this case also.
From these results, it can be concluded that Mseed of
z ∼ 5 faint quasars in our sample are expected to be >
13
105M in most cases if we assume that L/LEdd=constant
or L/LEdd ∝ (1 + z)2. On the other hand, previous
study reported that a median value of MBH and L/LEdd
for the SDSS luminous quasars at z ∼ 4.8 are ∼ 8.4 ×
108M (108M . M . 6.6 × 109M) and ∼ 0.6
(0.2 . L/LEdd . 3.9), respectively (Trakhtenbrot et al.
2011). They also reported that ∼ 40% of the SDSS lumi-
nous quasars at similar redshift could have been formed at
MBH < 10
2M, and L/LEdd of the z ∼ 5 faint quasars in
our sample is relatively lower than that of the most of lumi-
nous quasars at z ∼ 5. This is the main reason that Mseed
of z ∼ 5 quasars in our sample is much larger than that of
them. Therefore these results may be suggesting that Mseed
of z ∼ 5 quasars depends on the luminosity. In addition,
z ∼ 6 luminous quasars and z ∼ 5 faint quasars are not the
same populations but different populations in all cases.
We note that many previous studies mentioned that the
black hole mass which is estimated by the C IV emission
line has large uncertainty (e.g., Trakhtenbrot & Netzer 2012,
Shen & Liu 2012). In order to do the more accurate statistical
discussions, we have to construct the larger samples of faint
quasars at high redshift and we need to use not only C IV but
also other emission lines.
5.2.2. Comparison with the theoretical model
As we have discussed in Section 5.2.1, we have assumed
that L/LEdd is constant or L/LEdd ∝ (1 + z)2. However,
the influence of a mass outflow, which is the strong radiation
pressure from the accretion disk (e.g., Ohsuga et al. 2005,
Ohsuga 2007), is not considered in these assumptions. The
mass accretion history of SMBHs is affected by this mass
outflow. Therefore, the assumed mass accretion history of
SMBHs is physically unrealistic. In order to investigate the
seed black hole mass of z ∼ 5 faint quasars by a more real-
istic mass accretion history of the SMBHs, we compare with
the theoretical model of Kawakatu & Wada (2008) (see also
Kawakatu & Wada 2009). In this model, the mass accretion
rate onto a central BH is driven by the turbulent viscosity
due to supernova (SN) explosions. Moreover, the gas supply
rate of the circumnuclear disk (CND) from the host galax-
ies regulates the maximal black hole accretion rate. There
are two types of models: Eddington-limited growth models
and super-Eddington growth models. Both growth models
include the influence of a mass outflow due to the strong ra-
diation pressure from the accretion disk (e.g., Ohsuga et al.
2005, Ohsuga 2007) and they assume that the mass of the
seed BHs is 103 M. According to the radiation hydrody-
namic simulations, the super-Eddington accretion, could be
possible (e.g., Ohsuga et al. 2005, Ohsuga 2007). Therefore,
we use the super-Eddington growth model of Kawakatu &
Wada (2008) to compare it with the observational data.
Since the formation time of the seed BHs is another impor-
tant parameter to constrain the growth history of the SMBHs,
we here examine the two scenarios of z ∼ 5 faint quasar for-
mation and evolution (Figure 8). The first scenario is that
the case of the seed BHs of our z ∼ 5 faint quasars formed
at z ∼ 20 (left panels of Figure 8). In this case, MBH of
our z ∼ 5 faint quasars can be reproduced even if MBH of
the seed BHs is ∼ 103M. In addition, dMBH/dt of our
z ∼ 5 quasars and z ∼ 5 − 6 quasars from the literature
(e.g., Willott et al. 2010a, Shen et al. 2011) are roughly con-
sistent with the case of a period of the mass supply from host
galaxies, tsup = 109 yr rather than the case of tsup = 108 yr.
The time between the peak and rapid decline of the AGN lu-
minosity corresponds to the quasar phase in this model (see
also Figures 6 and 7 of Kawakatu & Wada 2008). As dis-
cussed, since the number count of our z ∼ 5 quasars is some
2 orders of magnitude larger, the quasar lifetime, tQSO may
be longer than SDSS high-z quasars, if the bias values are
similar. As shown in (a) and (c) of Figure 8, it seems that the
evolutionary tracks of z ∼ 6 luminous quasars and our z ∼ 5
faint quasars are the same. However, the z ∼ 6 and z ∼ 5
quasars have the similar luminosity in this scenario (see (g) of
Figure 8). Therefore it can be concluded that z ∼ 6 luminous
quasars and our z ∼ 5 faint quasars are not the same popula-
tions but different populations under this scenario also.
Yet another scenario is that the case of the seed BHs of the
z ∼ 5 faint quasars in our sample formed at z ∼ 7 (right
panels of Figure 8). In this case, MBH of the z ∼ 5 faint
quasars also can be reproduced even if MBH of the seed BHs
is ∼ 103M. Furthermore, dMBH/dt of our z ∼ 5 faint
quasars is roughly consistent with the case of tsup = 109 yr.
On the other hand, dMBH/dt of z ∼ 6 quasars are roughly
consistent with the case of tsup = 108 and tsup = 109 yr.
In the case of tsup = 109 yr, it seems that z ∼ 6 luminous
quasars and our z ∼ 5 faint quasars are on the same evolu-
tionary track (see (b) and (d) of Figure 8). However z ∼ 6
and z ∼ 5 quasars have the similar luminosity. Therefore it
is expected that the evolutionary tracks of z ∼ 6 luminous
quasars and our z ∼ 5 faint quasars are not the same. This
suggests, again, that z ∼ 6 luminous quasars and our z ∼ 5
faint quasars are not the same populations but different pop-
ulations.
In conclusion, we find three main results by comparing
with the super-Eddington growth model of Kawakatu &
Wada (2008). Firstly, we confirm that MBH of our z ∼ 5
faint quasars can be reproduced even ifMBH of the seed BHs
is ∼ 103M. Secondly, we find that the origin for the differ-
ence of z ∼ 6 luminous quasars and our z ∼ 5 faint quasars
may be explained by the difference of tsup. Lastly, we con-
firm that it can be explainedMBH of z ∼ 6 luminous quasars
and our z ∼ 5 faint quasars even if the seed BHs of them are
formed at z ∼ 7.
To investigate whether z ∼ 6 luminous quasars and our
z ∼ 5 faint quasars are the same populations or not, the in-
formation about the gas of the z ∼ 5−6 quasar host galaxies
is needed. This is becauseMgas (the gas mass in a circumnu-
clear disk, see Figure 1 of Kawakatu & Wada 2008) /MBH
of z ∼ 5 quasars is expected to be larger than that of z ∼ 6
quasars (see Figure 8 in Kawakatu & Wada 2009) if z ∼ 6
and z ∼ 5 quasars are not the same. This important issue can
be investigated by submillimeter observations such as the At-
acama Large Millimeter/submillimeter Array (ALMA).
5.2.3. Influence by the uncertainty of the BH Mass Estimates
As we have stated in Section 5.2.1, many previous studies
reported that the black hole mass which is estimated by the
C IV emission line has large uncertainty (e.g., Trakhtenbrot &
14
Netzer 2012, Shen & Liu 2012). On the other hand, several
previous studies attempted to reduce this uncertainty (e.g.,
Denney 2012, Runnoe et al. 2013, Park et al. 2013, Coatman
et al. 2016, 2017, Park et al. 2017). Among them, we es-
pecially focus on the recent result of Coatman et al. (2016,
2017). Coatman et al. (2016) reported that the FWHM of the
C IV emission line is correlated with the C IV blueshift (Fig-
ure 7 of Coatman et al. 2016). Furthermore, they found that
the black hole masses which are derived by the C IV emis-
sion line of quasars with the low C IV blueshift (C IV FWMH
. 1000 km s−1) are systematically underestimated while the
black hole masses of quasars with high C IV blueshift (C IV
blueshift & 1000 km s−1) are overestimated (see also Coat-
man et al. 2017).
Since the C IV FWHM of J2222-0004 is∼ 6000 km s−1, it
is expected that the C IV blueshift of this object is∼ 1000 km
s−1. Thus, the corrected black hole mass and Eddington ratio
of this object are not changed. As for J2211+0011, the C IV
FWHM of J2211+0011 is ∼ 3200 km s−1 and this corre-
sponds to the C IV blueshift of this object is < 1000 km s−1.
Therefore the black hole mass of J2211+0011 is underesti-
mated and the corrected Eddington ratio of this object could
be lower than the uncorrected Eddington ratio of this object.
In this case, Mseed of J2211+0011 at z ∼ 20 becomes large
if we assume that L/LEdd=constant or L/LEdd ∝ (1 + z)2.
However, the main conclusion of Section 5.2.1 is not any
changed even if we consider the influence by the uncertainty
of the BH Mass Estimates. The conclusions of Section 5.2.2
are also not changed at all.
6. SUMMARY
We have searched for optically faint quasars at z ∼ 5 in a
part of the CFHTLS wide field (∼ 6 deg2) to investigate the
black hole mass, Eddington ratio, and the growth history of
the SMBHs in our sample. The main results of our works are
briefly summarized below.
1. Utilizing the CFHTLS wide and UKIDSS DXS cata-
log, we selected nine z ∼ 5 faint quasar candidates
and we then performed spectroscopic observation of
five objects among them. Then we confirmed that three
z ∼ 5 faint quasars, a z = 4.29 faint quasar, and a late-
type star. We also confirmed that near-infrared data
is useful to distinguish contaminants and z ∼ 5 faint
quasars effectively.
2. We estimated the black hole mass and Eddington ratio
of two z ∼ 5 faint quasars based on the broad C IV line.
The inferred logMBH are 9.04± 0.14 and 8.53± 0.20,
respectively. In addition, the inferred log(L/LEdd) are
−1.00± 0.15 and −0.42± 0.22, respectively.
3. It is expected that Mseed of z ∼ 5 faint quasars in
our sample are > 105M in most cases if we as-
sume that L/LEdd = constant or L/LEdd ∝ (1 + z)2.
This result may be suggesting that Mseed of z ∼ 5
quasars depends on the luminosity because previous
study reported that ∼ 40% of the SDSS luminous
quasars at similar redshift could have been formed at
MBH < 10
2M.
4. If we compare with the theoretical model, MBH of the
z ∼ 5 faint quasars in our sample can be reproduced
even if MBH of the seed BHs is ∼ 103M.
5. Since z ∼ 6 luminous quasars and our z ∼ 5 faint
quasars are not on the same evolutionary track, z ∼ 6
luminous quasars and our z ∼ 5 faint quasars are not
the same populations but different populations. The
origin for the difference of z ∼ 6 luminous quasars
and our z ∼ 5 faint quasars may be explained by the
difference of tsup.
6. We confirm that it can be explained MBH of z ∼ 6
luminous quasars and our z ∼ 5 faint quasars even if
the seed BHs of them are formed at z ∼ 7.
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